The Ag nanoparticles and nanoclusters (AgNP, AgNC) have been widely used due to their multiple applications, for example, in catalysts for CO 2 to CO electrochemical reduction, O 2 reduction in fuel cells, interface design for plasmonic resonance experiments and H 2 O 2 or glucose sensors. The chemical methods most used to obtain AgNP, reported in the literature are: borohydride reduction, the Tollens method or the sonication at high concentrations of AgNO 3 . One important disadvantage of these methods is the multiple steps required for electrode design, especially in carbon materials, and one of them is MWCNTs, used in some applications mentioned above. Electrodeposition has been reported in the preparation of metallic particles. In this chapter, we described the electropolishing method in the preparation of AgNP and AgNC supported on MWCNT film. An advantage of this proposed method is that it allows obtaining AgNP and AgNC in situ, supported on carbon matrices, ready to use as electrodes in different applications.
Introduction
Ag nanoparticles (AgNP) have been widely used in multiple applications related to energy and storage, in the electrocatalytic conversion of CO 2 to CO [1] ; in the spectroscopic analysis by enhancing the plasmonic resonance effect [2] ; in the environmental remediation by degrading highly toxic compounds [3] ; for biosensor design with H 2 O 2 detection systems [4] , and in many molecular interaction technologies with DNA, RNA and proteins [5] .
Different methods for the synthesis and preparation AgNP have been reported; one of the most implemented technologies is the physical methods based on evaporation-condensation and laser ablation; these methods offer high reproducibility and no chemical contamination.
The AgNP size achieved by the physical methods is around 10-100 nm layers [6, 7] .
The chemical methods normally used convey a reduction step; one of the most widely used is the borohydride reduction in which the injection method is preferred to provide AgNP of 17 ± 2 nm by using a polymeric template [8, 9] . In the borohydride method, the silver cation is reduced by the free electron pairs on borohydride molecule [10, 11] . In the same way, the Tollens reagent for [Ag(NH 3 ) 2 ] + reduction with saccharides is a chemical reduction method; this method allows 50 nm as the smallest size by controlling the ammonia and saccharide concentration [12] [13] [14] .
Other methods, as the assisted methods, implement techniques of radiation like the photoinduced method in which AgNP are synthesized with Ag + by exposure to UV light and nucleate around a polymer matrix as polyvinyl alcohol. Other polymers as carboxymethylated chitosan or Triton molecules allows AgNP synthesis by changing the light intensity [15] . Similar to this UV light, the microwave-assisted synthesis is possible using the same reducing agents and the same silver ion source [16] . Finally, the greener methods are based on the reduction principle by the implementation of polymers and polysaccharides. These methods are similar to the chemical reduction technologies; nevertheless, the reduction is performed in a biodegradable polymer source like starch and the reaction is performed in mild conditions [17, 18] .
The biological organism like bacteria, fungi, algae and plants allows the synthesis of silver nanoparticles in mild conditions. Nevertheless, these organisms need to be tolerant to the presence of silver on water. Moreover, these syntheses are in the real sense working as the previously discussed chemical and polymer-assisted methods. Biological-assisted synthesis is complex but in general terms the living organism provides several reducing agents or templates for silver cations as example proteins and peptides provide several amino acids with free electron pairs as Tyr residues and carboxyl groups in Asp/Glu residues [19] , enzymes like Cyt C, NADH-dependent reductase, nitroreductase are able to transfer electrons and reduce free silver cations [20] [21] [22] . Different cells which produce polysaccharides in the cell's wall are perfect nucleation sites for silver proliferation. Also, chitosan and other biopolymers are suitable as templates for particle arrangement. In the case of plants and algae, the plethora of organic xenobiotics is cumbersome, and many molecules as flavonoids, catechols and polyphenols are able to reduce silver [23, 24] .
In the previous paragraphs, different methods have been described for the synthesis of AgNPs. However, in the practical use of nanomaterials, some difficulties must be overcome; one of them is to avoid the formation of aggregates when they are handled directly. The presence of aggregates often overrides their unique functionalities. Therefore, it is very important to implement immobilization techniques for metallic NPs on easily handled supports.
The immobilization of AgNP into several matrices of synthetic and natural polymers has been reported with some success. One of the methods of incorporation and direct immobilization is the electrodeposition of AgNP on different matrices. Silver electrocrystallization studies have been reported in the last decades, and the understanding of silver electrodeposition process is reached on plane electrodes. The role of electrode nature and the effects of ionic metal concentration determine the kinetic, morphology, nucleation and growth during the electrodeposition process [25] [26] [27] . In the same way, carbon nanomaterials such as graphene and MWCNT provide a nanostructure which may facilitate the AgNP immobilization and the established procedures can be transferred to design AgNP. Techniques as potentiostatic double pulse (PDP) and chronoamperometry [28] have been implemented to obtain silver nanoclusters in different modified carbon materials like graphene intercalated with poly(sodium 4-styrenesulfonate) [29, 30] . The electrodeposits obtained by these techniques on substrates like MWCNT are commonly in the range of 100 nm to 1 mm [28] . Likewise, the obtainment of AgNP of controlled sizes by applying potential sweeps has been achieved in the presence of the chloride ion, which acts as an "abrasive" that modulates the nanoparticle to the required size from massive silver electrodes to obtain AgNP of 10-100 nm [31, 32] .
It is clear that the direct immobilization and the specific size of the AgNP become a challenge for the different applications, in addition to the growing interest of conjugating the activity of these nanoparticles with nanostructured carbon materials.
This chapter describes the obtainment of silver nanoparticles and silver nanoclusters (AgNC) by the electropolishing of micrometer silver obtained with electrodeposition on MWCNT film electrodes. The procedure involves anodic stripping voltammetry in the presence of chloride ions as a polishing agent. The effect of the MWCNT functionalization in the formation of AgNP and AgNC is shown. This method is a straightforward proposal which enables the redesign of micrometric Ag deposits to nanometric size and is adaptable to already existing electrodeposition procedures. An advantage of this method is the obtainment electrodes with AgNP or AgNC supported on MWCNT films ready for direct use in different applications.
General techniques

Silver electrodeposition
An electrochemical three-electrode cell was used, with a Pt mesh as a counter electrode, reference electrode sulfate saturated electrode (SSE, 0.644 V vs. NHE). As working electrodes, different carbon film electrodes (CFEs) were used, prepared from an ink containing MWCNT and Nafion (see below) and supported on glassy carbon (GC) as a current collector. The silver electrodeposition is carried out in 10 mM AgNO 3 /1 M KNO 3 , pH = 7 system. Different potential values were selected (between −0.05 and −0.100 V range) and applied a potential pulse during 30 s to obtained silver deposits on the different CFEs. The AgNP and AgNC were obtained through the remodeling and sculpturing of Ag deposits using anodic stripping voltammetry in a system free of silver ions:100 mM KCl/100 mM K 2 HPO 4 /KH 2 PO 4 , pH = 7 at 20 mV/s; the scan was initiated from open circuit potential (OCP) to positive direction. All the electrochemical measurements were taken with a Basic Autolab W/PGSTAT30 & FRA equipment using Nova 3.1 software; all the electrolytes were prepared with analytical-grade reagents and deionized water (18 MΩcm) using a Milli-QTM system.
Electrode preparation
The carbon film electrodes (CFEs) were prepared from an ink containing 3 mg MWCNT, 1 ml Nafion (0.05%) and isopropylic alcohol, mixed by sonication for 1 h. After, 3 μl of this ink was applied by dropping cast on GC and dried at room temperature. Before the dropping cast step, the GC surface was polished with fine 600 grit silicon carbide sandpaper, once rinsed GC was polished with cloth and alumina of 0.3 and 0.05 μm. MWCNTs were commercial with the following characteristics: 95% purity, 5-15 μm long, 2-7 nm ID and 10 nm OD (Nanostructured & Amorphous Materials Inc.). The MWCNTs were functionalized using reflux in 65% HNO 3 at different times: 2, 10 and 24 h. After the reflux step, the MWCNTs were washed with MiliQ water until pH 7 was reached, filtrated with 50 nm nitrocellulose filters. CFEs elaborated with functionalized MWCNT were identified in the manuscript as CFE2, CFE10 and CFE24, and the number corresponds to the reflux time.
CFE morphology and Ag particle size
Scanning electronic microscopy (SEM) is used to describe the morphology of the MWCNT as CFE after chemical treatment for every single reflux time, besides silver deposits were analyzed before and after electropolishing procedure. A scanning electron microscope (FE SEM Hitachi S-5500) was used to determine particle size, and distribution was obtained using the ImageJ 1.50i software.
X-ray photoelectron spectroscopy
Finally, an X-ray photoelectron spectroscopy (XPS) was used to perform the quantification of Cs1 and Os1, the spectra obtained from the average of three zones with a 400-μm 2 randomly selected area on the surface of each MWCNT material. The oxidize groups (hydroxyl, carbonyl and carboxyl) were quantified by deconvolution performed with GNUPLOT Free Software License 4.6 by multiple Gaussians fit. Figure 1 shows the SEM images corresponding to MWCNT with different reflux times (all images show the same magnification). The morphology and structure change as reflux time increases are presented. MWCNT in CFE2 shows few imperfections preserving structure possibly due to the treatment time reduction (Figure 1A) . In the case of CFE10, the structures Silver Nanoparticles -Fabrication, Characterization and Applicationsof MWNCT are preserved, but with lower diameter against CFE2, also many defects are observed on the MWNCT surface ( Figure 1B) . Finally, CFE24 presents a drastic loss of structure with aggregate formation tendency ( Figure 1C) . It is well known that long functionalization times affect MWCNT structure as has been already reported [33, 34] .
Results and discussion
MWCNT morphology characterization
X-ray photoelectron spectroscopy analysis
The MWCNT chemical surface composition was carried out through an XPS study. Figure 2 shows the XPS spectra in the Cs1 and Os1 regions corresponding to MWCNT treated with acid reflux at different times. The intensity of Cs1 decreases as the reflux time increases, in contrast to the increase of Os1 peak in direct relation to the reflux time increase (Figure 2A, B) . Figure 2C . Four different peaks are presented in every O1s signal, and the functional group positions used for the deconvolution are C=O (531.2 eV), O-C=O* (531.6 eV), C-OH (532.8 eV) and O=C-O (534.5 eV) according to previous reports [33, 34] . Table 1 shows the ratio of oxygenated group intensities on MWCNT with treatment against pristine MWCNT. At the treatment times of 2, 10 and 24 h in which case, the OH− and COO− groups are favored as time increases.
The deconvolution of Os1 for the MWCNT at 24 h is provided in
The XPS results show that reflux treatment provokes an increase in oxygen content with the concomitant carbon decrease; the only difference is the oxygenated functional groups content on every MWCNT. The generation of defects observed on SEM images is in direct correlation with the surface functionalization produced by this treatment. The relationship of these oxidized MWCNT surfaces on the silver electrodeposition process and remodeling will be discussed in further sections.
Electrodeposition of micro silver particles on MWCNT
With the aim of establishing the conditions for the silver electrodeposition process, a cyclic voltammetry study (CV) in 10 mM AgNO 3 /1 M KNO 3 system was carried out to describe the potential range of silver electrodeposition at 20 mV/s. The scan initiates at open circuit potential (OCP) in the negative direction up to the potential limit of −0.6 V where the sweep direction is reversed to the uppermost potential at 0.6 V vs. SSE. Figure 3 shows the responses corresponding to the different CFE (indicated in the figure) ; in all cases, two reduction steps are depicted by Red1 and Red2. In the reverse direction, the Ox1 peak is observed which corresponds to the redissolution process of the previously deposited silver. Noteworthy, density currents descend with MWCNT functionalization time; it is important to note that the deposition potentials are dependent on the electrode type. In Table 2 , potential values for Red1 and Red2 are shown. This proves that silver deposition involved two processes. The Table 1 . Relative appearance of functionalized groups against pristine MWCNT obtained by deconvolution of O1s shown in Figure 2B .
MWCNT functionalization time (h)
Silver Nanoparticles -Fabrication, Characterization and Applicationslower reduction potentials observed at Red1 are possibly related to an energetically favor step due to more accessible physical sites. The higher electrodeposition potentials observed at Red2 indicate sites with difficult access for Ag + cation into the MWCNT matrix. The presented results show that there is a clear influence of the MWCNT surface chemistry on the silver electrodeposition process.
Considering the CV results discussed above, different potentials values were selected for Ag electrodeposition applying a 30 s pulse on every matrix. The electrodes obtained from this procedure are defined as Ag°m icro /CFE2, Ag°m icro /CFE10 and Ag°m icro /CFE24 for the applied potential of −0.083, −0.09 and −0.130 V vs. SSE, respectively. SEM images allow a description of the micrometric deposits; in all the cases, it is clear that MWCNTs are gradually covered by Ag° (Figure 4A-C) . Silver intercalation is observed in MWCNT's matrix. In other areas, the presence of agglomerates is such that MWCNTs are no longer visible, and they are covered up in the silver deposits.
No matter the functionalization and the imperfections on the MWCNT surface, the micrometric silver electrodeposition was successful in three electrodes. The results presented here indicate that the silver micrometric electrodeposition process is independent of the MWCNT chemical surface moieties. Similar results have been previously reported, showing the micrometric silver on MWCNT after electrodeposition process which indicates that other steps may be needed to achieve AgNP by these techniques [29, 30] . An electropolishing procedure is proposed to take advantage of the different MWNCT chemical surface, and it is evinced that this procedure will act as a modulator for AgNP obtainment; the results are discussed in the next section as the following step after the electrodeposition process. Table 2 . Voltammetry parameters obtained of cyclic voltammetry studies for silver deposit. Electrochemical Formation of Silver Nanoparticles and Nanoclusters on Multiwall Carbon… http://dx.doi.org/10.5772/intechopen.74056
Electropolishing of micrometric silver particles toward achieving AgNP and AgNC
To obtained AgNP and AgNC, a program of anodic stripping cycles in 100 mM KCl/100 mM K 2 HPO 4 /KH 2 PO 4 ,pH = 7, at 20 mV/s was applied. Figure 5 shows SEM images corresponding to AgNP obtained after the remodeling process. For AgNP/CFE2, dispersed particles of approximately 10 nm size ( Figure 5A ) are observed. On the other hand, for AgNP/CFE10 particles are around 20 nm, and a low population of them is observed ( Figure 5B) . Finally, the particles presented in AgNP/CFE24 are preferentially in the 10-20 nm range, and they are covering most of the MWCNT matrix ( Figure 5C ).
The formation of Ag nanocluster (AgNC) on MWNCT surface by electrochemical methods is scarcely reported [29, 30] . In our case, AgNC can be obtained from the electrodeposition process on CFE24 in the system 1 mM AgNO 3 /1 M KNO 3 pH = 7 applying a − 0.070 V vs. SSE during 30 s. After anodic stripping voltammetry in similar experimental conditions described previously, AgNC/CFE24 was obtained ( Figure 6A ). The AgNC are well dispersed with a size between 1.2 and 1.8 nm (Figure 6B ). Considering the atomic radii of Ag (0.144 nm), AgNC contains approximately 8-12 silver atoms. These AgNC are even smaller than the ones obtained by with poly(sodium4-styrenesulfonate) and oligonucleotides as intercalated agents, respectively [29, 30] .
The advantage of the electrochemical method for the obtainment AgNP/CFE and AgNC/CFE is that these electrodes are ready for immediate use in different processes, such as electrocatalysis, specifically in the electrochemical reduction of CO 2 and O 2 .
Steps involved in the formation of silver nanoclusters
What is the mechanism involved in the obtainment of AgNP and AgNC? When anodic stripping voltammetry was applied to the MWCNT with silver microdeposits, the Ag + is liberated to the bulk solution; in the presence of chloride anions, a AgCl(s) layer is formed (reaction 1). The direction of the scan is reverse to promote the reduction of AgCl(s) to obtain AgNP or AgNC (reaction 2), and a representation of the process is presented in Figure 7 . Then, the 10 consecutive stripping cycles allow the size modulation and the particle distribution of MWCNT matrix. The catalytic activity of these AgNP and AgNC has been recently reported for the electrochemical formate synthesis from CO 2 [35] . 
Conclusions
This chapter describes an outstanding methodology for the obtainment of in situ generating AgNP and AgNC on MWCNT film electrodes. This methodology allows the size modulation and the immobilization of the immediate application in catalytic processes such as the electrochemical reduction of O2 and CO2. The silver electrodeposition process is facilitated by the proper MWCNT functionalization; an original electropolishing process is applied for the AgNP and AgNC obtainment. This method markedly outstrips the existing procedures which are characterized by being more expensive and with multiple synthesis steps.
